This secondary analysis examined changes in sleep quality associated with participation in a Mindfulness-Based Stress Reduction (MBSR) program among healthy older adults. Data were collected at baseline, 8-weeks post-treatment, and a 6-month follow-up from adults aged ≥ 65 (N = 200), randomly assigned to MBSR or a waitlist control. Group differences were examined using mixed analysis of covariance with repeated measures on the total Pittsburgh Sleep Quality Index (PSQI) score. A small-sized, significant effect was found on overall sleep among MBSR participants with baseline PSQI scores > 5, indicative of a sleep disturbance, F(2, 80) = 4.32, p = .02, η p 2 = .05. A medium-sized, significant effect was found for MBSR participants with baseline PSQI scores ≥ 10, F(2, 28) = 3.13, p = .04, η p 2 = .10. These findings indicate that improved sleep quality for older adults who have higher levels of sleep disturbance may be associated with participation in MBSR.
Introduction
Approximately 5% to 10% of the general adult population in industrialized nations meet diagnostic criteria for insomnia, a condition characterized by consistent difficulty initiating or maintaining sleep (Chung et al., 2015; Ohayon, 2002) . Sleep disturbance, a more general and non-diagnostic term encompassing insomnia as well as other reasons for disturbed sleep, is present in one fourth to one third of adults (Ohayon, 2002; Stranges, Tigbe, Gómez-Olivé, Thorogood, & Kandala, 2012) . Among older adults specifically, the prevalence of insomnia alone reaches 25%, whereas overall sleep disturbance represents the most commonly reported health problem (Ohayon, 2002; Ohayon & Vecchierini, 2005) with an estimated prevalence rate of up to 41% (Foley, Ancoli-Israel, Britz, & Walsh, 2004) .
Mind-body interventions are particularly relevant for addressing factors associated with both sleep disturbance and insomnia, including stress, hyperarousal, and dysfunctional beliefs about sleep. Notably, stress has been attributed as the most common precipitant of insomnia and contributes to poor sleep quality (Åkerstedt et al., 2002; Bastien, Vallières, & Morin, 2004; Pigeon & Cribbet, 2012) . Further, hyperarousal is postulated to be a primary etiological factor in the development and maintenance of insomnia, in which sleep initiation is inhibited by both physiological (e.g., elevated cortisol levels at bedtime) and cognitive (e.g., selective attention to perceived threats, rumination, and worry) arousal (Pigeon & Cribbet, 2012; Riemann et al., 2010) . Mindfulness-Based Stress Reduction (MBSR; Kabat-Zinn, 1990 ) is a transdiagnostic mind-body intervention that teaches non-judgmental awareness of sensations, cognitions, and emotions as they arise in the present moment (Greeson, Garland, & Black, 2014) . Practitioners learn to relate to their body and mind with awareness and acceptance. Mindfulness training in non-judgmental observation of cognitions and physiological and emotional arousal may help to diminish sleep interfering processes (Winbush, Gross, & Kreitzer, 2007) . Ong, Ulmer, and Manber (2012) proposed that mindful awareness teaches practitioners to shift attention away from the cognitive and physiological states that may disturb sleep, allowing for a more adaptive way of responding to sleep-related arousal. Participants are taught to respond to cognitive and emotional stimuli, including stressors, with acceptance rather than with conditioned and potentially harmful reactions. In this way, the techniques of mindfulness address many of the responses to the precipitating and/or maintaining stressors associated with disrupted sleep, including hyperarousal. MBSR's ability to regulate cognitive and physiologic arousal has the potential to significantly improve sleep in older adults.
In a review of the effect of mindfulness-based interventions (MBIs) on sleep disturbance, Winbush and colleagues (2007) found seven studies that qualified for their review, with four uncontrolled studies demonstrating significant improvements in sleep quality or sleep duration in young and middle-aged adults (Carlson & Garland, 2005; Carlson, Speca, Patel, & Goodey, 2004; Heidenreich, Tuin, Pflug, Michal, & Michalak, 2006; Kreitzer, Gross, Ye, Russas, & Treesak, 2005) . Though the controlled studies provided mixed support of MBIs on sleep quality, the studies provided preliminary evidence for increased home practice associated with improved sleep (Winbush et al., 2007) . In these studies, the measurements of sleep varied, with some studies using self-report sleep diaries to measure sleep continuity and others using a validated self-report measure of sleep (Pittsburgh Sleep Quality Index [PSQI]; Buysse, Reynolds, Monk, Berman, & Kupfer, 1989) , which assesses overall sleep quality based on items measuring subjective sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbance, sleep medication use, and daytime dysfunction. Recently, a randomized controlled trial (RCT) by Gross et al. (2011) found that MBSR-related improvements in sleep quality were comparable to psychopharmacology treatment for individuals with primary chronic insomnia. The investigators found large, significant improvements as measured by validated self-report sleep scales (Insomnia Severity Index [ISI] and PSQI; Bastien, Vallières, & Morin, 2001; Buysse et al., 1989) and wrist actigraphy measuring sleep onset latency.
Three studies to date have examined the effect of an MBI on sleep disturbance among older adults, two of which were RCTs (Black, O'Reilly, Olmstead, Breen, & Irwin, 2015; Foulk, Ingersoll-Dayton, Kavanagh, Robinson, & Kales, 2014; Zhang et al., 2015) . Black et al.'s (2015) MBI RCT for older adults aged ≥ 55 with sleep disturbance (N = 49) found that the mindfulness participants experienced significant decreases on the PSQI (Cohen's d = 0.89) as compared with a sleep hygiene and education active group control. Black et al.'s MBI used standardized mindful awareness practices (MAPs) and their sample was older adults with sleep disturbance as characterized by a PSQI score > 5. Zhang et al.'s (2015) MBSR RCT for older adults aged ≥ 75 in China with chronic insomnia (N = 60) also found that the mindfulness participants experienced significant decreases on the PSQI (Cohen's d = 1.12) as compared with a waitlist control (WLC) group. A non-randomized study found significant reductions in sleep difficulties among older adults with depression after participation in a MindfulnessBased Cognitive Therapy program (Foulk et al., 2014) . Thus, a small body of work suggests that MBIs have the potential to remediate the prevalent health problem of sleep disturbance among older adults. No study to date has examined changes in sleep associated with participation in an MBSR program among a healthy sample of older adults in the United States with and without sleep disturbance. Examining this association among healthy older adults with and without sleep disturbance is important because it increases generalizability to older adults in the United States for whom sleep is the most common and prevalent health problem.
In this secondary analysis, we report changes in subjective sleep quality of older adults associated with participation in an MBSR program. We first examined MBSR and WLC group differences over time on the global PSQI score for the entire sample of older adults. Given the likely existence of a floor effect in this generally healthy sample, we also compared PSQI scores between MBSR and WLC conditions in two subsamples: those who reported baseline PSQI scores > 5 (n = 85), indicating sleep disturbance, and those who reported PSQI scores ≥ 10 (n = 33), indicating possible insomnia. For each analysis, we hypothesized that participants in the MBSR group would show significant improvements in sleep as compared with the WLC participants. Finally, we examined group differences in PSQI scores over time among older adults in the MBSR condition only and assigned participants to three PSQI severity groups based upon PSQI scores of ≤ 5, 6 to 9, and ≥ 10. We hypothesized that MBSR would be associated with improved sleep quality for older adults with moderate to high levels of sleep disturbance.
Methods

Participants and Procedures
In a prior report, immunological, electrophysiological, and cognitive outcomes were examined among older adults in an RCT of MBSR and a WLC group (Moynihan et al., 2013) . The study procedures are available in Moynihan et al. (2013) . In brief, older adults from the community were recruited through advertisements in local newspapers and flyers in primary care offices. Eligible participants had to be aged 65 years or older and English speaking. Participants must have had a stable medication regimen for eight weeks prior to enrollment if prescribed antidepressant or anxiolytic medications. Potential participants were excluded for the following mental disorders based on the Structured Clinical Interview (SCID; First, Spitzer, Gibbon, & Williams, 2002) A total of 228 subjects met inclusion criteria, provided written informed consent, and underwent initial assessment. Prior to the post-test, 20 subjects withdrew from the study. Data are presented on the 200 participants who had complete data on all study variables at all three time points. Subject enrollment, intervention completion, and assessment follow-up occurred in several waves between March 2006 and May 2009. Subjects were randomized to participate in either the 8-week program of MBSR (n = 100) or a WLC condition (n = 100). In the parent study, participants meeting inclusion criteria were randomized to an 8-week MBSR intervention or WLC using an Excel spreadsheet function for generating random numbers. This function was used to determine the treatment arm for each subject, with equal chance for either arm. Analyses were conducted to discern the adequacy of the randomization. Data from the subjects assigned to the MBSR and WLC condition were collected following randomization and before beginning the MBSR program (pre-treatment), immediately following completion of the 8-week MBSR program (post-treatment), and 6 months following post-treatment (follow-up). Participant characteristics of the subsample analyzed here are reported in Table 1 . The study protocol was approved by the University of Rochester Institutional Review Board (RSRB00012363) and is registered with clinicaltrials.gov (NCT01027780).
Intervention
Each participant in the MBSR program attended a group-based (15-20 members) 8-week curriculum that included weekly 120-min sessions and an "all-day intensive" session of 7 hr. The MBSR treatment groups were led by a certified instructor and 25% of the sessions were videotaped and examined for adherence to the MBSR curriculum. Co-directors from the Center for Mindfulness examined the sessions and reported full adherence to the MBSR curriculum. The MBSR program accommodated the mobility, sensory, and cognitive limitations of the participants who met the inclusion criteria. For example, an individual in a wheelchair could complete mindful Hatha yoga with a variety of modified sitting postures.
Measures
Participants were administered the PSQI, a 24-item self-administered questionnaire that assesses sleep over the past month. There are seven component scores which can range from 0 to 3 (sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance, use of sleep medication, and daytime dysfunction). A global sleep quality score based on the sum of the seven component scores can range from 0 to 21, where scores > 5 indicate the presence of a sleep disturbance and scores ≥ 10 may be indicative of insomnia (Buysse et al., 2011). Cronbach's alpha internal consistency in the current sample was .77, which compares to the .83 reported in the original validation study (Buysse et al., 2011) . For this study, we assessed the global PSQI score. Weekly class attendance was recorded and participants completed weekly practice logs of minutes spent practicing the awareness of breath or sitting meditation, hatha yoga, body scan, and informal practice at home.
Statistical Analyses
Using t tests and mixed analysis of covariance (ANCOVA) with repeated measures, we compared MBSR and the WLC groups on baseline variables, and examined changes in outcomes over time. A mixed ANCOVA compares the mean differences between groups that have been split on two factors, a withinsubjects factor (i.e., time) and a between-subjects factor (i.e., treatment condition), and includes one or more covariates. All analyses controlled for gender, age, and use of sleep medication. All analyses were conducted in SPSS. Effect sizes were calculated with partial eta squared. For this effect size calculation, .01 is considered small, .09 medium, and .25 large (Cohen, Cohen, West, & Aiken, 2013) . First, we examined the MBSR and WLC group differences over time (N = 200) on global PSQI scores. Second, we examined MBSR and WLC group differences over time on a subsample of participants whose Global PSQI score was above 5, indicating poor sleep quality (n = 85; 49 in MBSR, 36 in WLC). Then we examined MBSR and WLC group differences over time in a subsample of participants whose Global PSQI score was ≥ 10, indicating possible insomnia (n = 33; 18 in MBSR, 15 in WLC). Finally, we examined changes in the PSQI associated with participation in the MBSR program by dividing the MBSR participants into three groups based on their baseline global PSQI score: ≤ 5, 6-9, and ≥ 10. We examined regression to the mean (RTM) using scatterplots of change against the baseline PSQI scores in the subsamples. We did not detect RTM in the main sample or subsamples of participants whose global PSQI score were > 5 and ≥ 10; however, we did detect RTM in the subsample whose PSQI score was 6 to 9. We corrected for RTM using ANCOVA. The Bonferonni method was used to adjust for multiple comparisons. In all instances, the PSQI global score was our main outcome measure, which was measured at study entry as well as 8 weeks post-treatment and a 6-month follow-up.
Results
Baseline Characteristics
At baseline, no significant group differences were found. The majority of the sample was retired (82%), Caucasian (98%), and well-educated (71% college educated or more). The subset of participants with PSQI scores > 5 did not differ significantly from the larger group sample in terms of demographic characteristics; however, the group included slightly more women (see Table 1 ).
Class Attendance
MBSR participant attendance to the eight sessions and all-day was high (M = 8.29, SD = 1.13) and participants practiced mindfulness meditation an average of 205.84 (SD = 120.08) min per week, which is about 30 min of mindfulness meditation practice per day.
Changes in Sleep Quality for Entire Sample
In examining the entire sample of older adults, the interaction of time and group assignment was significant with a small effect size (Table 2) . Baseline PSQI scores decreased .99 points from baseline to post-treatment for the MBSR group and .1 point for the WLC group. The PSQI changes were not correlated with mindfulness practice time for the MBSR group (r = −.06, p = .54).
Changes in Sleep Quality for Subsamples With Baseline Scores > 5
We examined effects of MBSR on the global PSQI scores for the participants whose baseline global PSQI was > 5, indicating sleep disturbance. Notably, 43% of the sample (85 of 200) exceeded the validated PSQI cutoff of 5 and one third of the sample reported use of sleep medication. We found a small, significant effect of the time by group interaction on overall sleep quality (Table 2) . Among participants with a baseline PSQI score > 5, the mean global PSQI score decreased 2.2 points from baseline to post-treatment for the MBSR group and .58 points for the WLC group. The PSQI changes were not correlated with mindfulness practice time for the MBSR group (r = .02, p = .87).
Changes in Sleep Quality for Subsample With Baseline Scores ≥ 10
Examination of changes in sleep quality for participants with a global PSQI ≥ 10, an indicator of possible insomnia, in the MBSR (n = 18) versus WLC (n = 15) conditions revealed a medium, significant effect of the time by group interaction (Table 2 ). In this latter subsample, the mean global PSQI score (SD) decreased 3.9 points from baseline to follow-up for the MBSR group and .6 points in the WLC group. The PSQI changes were correlated with mindfulness practice time for the MBSR group (r = .53, p = .02). (.01-.08 is small, .09-.24 is medium, and .25+ is large).
Changes in PSQI by Time and Baseline Sleep Disturbance Severity for MBSR Participants Only
Finally, we examined changes in PSQI scores for only the participants in the MBSR condition categorized on their baseline PSQI scores (≤ 5, 6-9, and ≥ 10; Figure 1 ). We found a medium, significant effect of time on overall sleep quality for MBSR participants whose baseline global PSQI score was ≥ 10 (see Table 3 ). No effect of time on overall sleep quality was found for MBSR participants whose baseline global PSQI score was ≤ 5 or 6 to 9.
Discussion
Our secondary analysis is the first examination of changes in sleep associated with participation in an MBSR program among a healthy sample of older (.01-.08 is small, .09-.24 is medium, and .25+ is large).
adults with and without sleep disturbance, thus increasing generalizability to older adults in the United States for whom disturbed sleep is the most common and prevalent health problem. Our findings suggest that participation in MBSR is associated with improved sleep quality for older adults with moderate to high levels of sleep disturbance as measured by the PSQI. The interaction of group and time on the PSQI global score for the entire sample suggests a significant and relatively small effect associated with participation in MBSR. Perhaps of more interest, is that among subsamples with elevated baseline PSQI scores, MBSR was associated with significant improvements in global sleep as compared with the WLC condition. This effect was most pronounced among participants whose global PSQI score was ≥ 10, a level of disturbance observed in patients with insomnia (Buysse et al., 2011; Buysse et al., 1989) .
The statistically significant, but relatively small reduction in the global PSQI score (2.2 points) in the subsample of participants with PSQI scores > 5 may not reflect a clinically meaningful change. In one of the few RCTs of behavioral sleep interventions that reported PSQI scores, for instance, mean PSQI scores in the intervention arm (n = 39) declined 3.5 points from baseline to post-treatment (10.4 to 6.9; Buysse et al., 2011) . In comparison, our subsample with the highest baseline PSQI scores achieved reductions from baseline PSQI scores of 3.4 and 3.9 points respectively at post-treatment and 6-month follow-up. Specifically, participants in the MBSR intervention with a global PSQI score ≥ 10 experienced a 3.4 point decrease from baseline (12.6) to post-treatment (9.2) with an additional reduction to 8.7 at the 6-month follow-up assessment. These results are consistent with the effects of mindfulness meditation on PSQI scores reported by Black et al. (2015) , whose MBI among older adults aged > 55 with sleep disturbance improved by a mean of 2.8 (effect size, 0.89). Similar results were also found among older adults aged > 75 with insomnia in an MBSR program whose PSQI scores decreased from 11.5 at baseline to 8.2 at post-intervention, a 3.3 point decrease (effect size, 1.12; Zhang et al., 2015) . The findings from our study support the hypothesis that MBSR would be associated with improved sleep quality for older adults with moderate to high levels of sleep disturbance.
MBSR is a promising intervention for older adults as it teaches skills to non-judgmentally observe cognitions and physiological and emotional arousal, which may help to diminish the sleep interfering processes associated with disturbed sleep. MBSR is designed to reduce stress, including hyperarousal, which can both contribute to and maintain sleep disturbance (Pigeon & Cribbet, 2012) . Interventions designed to address sleep disturbance directly such as Cognitive-Behavioral Therapy for Insomnia (CBT-I) focus on reducing maladaptive thoughts and beliefs that interfere with sleep, but often include a relaxation component (Pigeon, 2010) . Mindfulness addresses maladaptive thinking by instructing participants to allow thoughts into conscious awareness and to practice acceptance by making no attempt to change, suppress, or elaborate on the thought (Gross et al., 2011) . Nonjudgmental observation of physiological and emotional arousal may, therefore, help diminish the sleep interfering processes of hyperarousal associated with disturbed sleep.
Sleep disturbance and insomnia are also thought to be maintained through cognitive and behavioral activities that are initially triggered by psychosocial stress and perpetuated by attentional bias to sleep-related stimuli and behavioral adaptation resulting in conditioned effects (Pigeon & Cribbet, 2012) . Mindfulness is the practice of attention regulation and non-reactivity, both of which help to diminish maladaptive cognitions that maintain disturbed sleep. Mindfulness works with attention regulation by instructing practitioners to focus on one object at a time, typically starting with the breath. This allows the practitioner to increase sustained attention and decrease attention to distracting thoughts or attentional bias to sleep-related stimuli. Over time, practitioners of mindfulness report an increased ability to maintain focus on the breath and are less distracted by disturbances (Hölzel et al., 2011) . For older adults with moderate levels of sleep disturbance, returning attention back to the breath and away from sleep-related worry and attentional bias on daytime consequences of lack of sleep may reduce psychosocial stress associated with sleep disturbance. In practicing a mindful approach to cognitions and arousal, the MBSR participants learned to respond to stressors in an adaptive way, therefore improving their overall sleep quality by decreasing maladaptive responses to stress that maintained their disturbed sleep.
The study has several limitations worth noting. First, the study was not designed to directly improve sleep. Therefore, objective measures of sleep such as actigraphy or electroencephalogram-based measures were not included and the reliance on self-report may limit the reliability of the sleep outcomes. Second, the sample was not assessed with diagnostic interviews or validated screens for sleep apnea or insomnia. Thus, the nature of the sleep disturbance in this sample is undefined. Third, the findings are limited by the use of a WLC that did not receive any group-based support. Finally, the sample was limited in ethnic diversity, and therefore generalizing to non-Caucasian populations should be done with caution.
Conclusion
Although the study was not designed to directly improve sleep, the findings from this relatively large sample support observations in prior work that participation in MBSR may be associated with beneficial changes in sleep quality among older adults. Studies which directly examine the effect of MBSR on sleep among older adults, and include sleep diaries and objective measures of hyperarousal will be informative. Further, a comparative efficacy trial of participants with varying levels of sleep disturbance, for example, would be helpful in determining whether (and for whom) MBSR is a reasonable stand-alone intervention for sleep disturbance and/or a useful adjunctive therapy for sleep disturbance. In this regard, conducting an MBSR RCT with an active control for sleep disturbance and insomnia seems worthwhile.
